Background and Aim: Tacrolimus (TAC) is an important therapeutic option for remission induction in patients with refractory ulcerative colitis (UC). However, there is little evidence available on long-term outcomes and maintenance treatments after TAC therapy, especially in cases with previous tumor necrosis factor-α (TNF-α) inhibitor therapy. Methods: Long-term outcomes and remission induction after TAC treatment were retrospectively examined in refractory UC patients with and without previous TNF-α inhibitor therapy. Results: The mean disease activity index and the endoscopic activity index scores decreased significantly during the 12-week treatment after TAC therapy in both groups, showing a significantly greater decrease in the group without TNF-α inhibitor therapy than in the group with previous TNF-α inhibitor therapy. One year or more after TAC therapy, TNF-α inhibitor and/or azathioprine was used as maintenance therapy in most cases in the group without previous TNF-α inhibitor treatment, while azathioprine was primarily used in the group with previous TNF-α inhibitor treatment. Colectomy was performed in 45.5% (5/11) and 15.6% (7/45) of the groups with and without previous TNF-α inhibitor therapy, respectively, and the group without previous TNF-α inhibitor treatment had a better colectomy-free rate than the group with previous TNF-α inhibitor treatment after TAC therapy on Kaplan-Meier analysis. Conclusions: TAC is effective for remission induction in refractory UC patients with and without previous TNF-α inhibitor treatment. Maintenance medication after TAC therapy is an issue for the future, especially in UC cases with previous TNF-α inhibitor treatment failure.
Introduction
Tacrolimus (TAC) is effective for patients with ulcerative colitis (UC) refractory to or dependent on corticosteroids (CS) and is usually used as a rescue and bridging therapy before starting azathioprine (AZA) or 6-mercaptopurine (6-MP) therapy. [1] [2] [3] [4] [5] [6] [7] [8] TAC is one of the calcineurin inhibitors, like cyclosporine (CsA), and it has a 30-100-fold greater immunosuppressive effect in vitro and a 10-20-fold greater effect in vivo than CsA, as well as more reliable intestinal absorption, even in the presence of gastrointestinal disease, although TAC and CsA have similar modes of action. 1 TAC inhibits transcription of the early activation genes encoding interleukin (IL)-2, tumor necrosis factor-α (TNF-α), and interferon-γ (IFN-γ), which are responsible for the development of inflammation. 1, 9 In a comparison between calcineurin and TNF-α inhibitors, CsA was equivalent to infliximab (IFX) for remission induction of refractory UC patients. 10 TAC and IFX had similar effects on remission induction in patients with severely active UC. [11] [12] [13] [14] [15] TAC is an important therapeutic option for remission induction in refractory UC patients.
Oral TAC was approved for the treatment of steroidrefractory and steroid-dependent UC in Japan in 2009, but CsA has not been approved as the standard treatment for UC in Japan. 12 The use of higher initial doses of TAC ensured that patients with UC achieved their target levels. 16 The treatment duration of oral TAC should be up to 3 months because the long-term safety and efficacy of TAC have not yet been confirmed. 12 Regarding maintenance medication after TAC treatment as remission induction therapy for UC, there have been unsolved problems of long-term outcomes in refractory UC patients who discontinued oral TAC treatment at up to 3 months and subsequently received other maintenance therapies, such as thiopurine and/or TNF-α inhibitors, although it has been reported that maintenance treatment with IFX yields better long-term outcomes than TAC-thiopurine bridging treatment. 13 In addition, it was previously demonstrated that IFX salvage therapy following TAC tended to appear more efficacious in TAC responders (loss of response or no tolerance) than in nonresponders (refractoriness). 17 However, there are few reports on TAC salvage therapy following TNF-α inhibitors in refractory UC cases. In this study, therefore, long-term outcomes and remission induction after TAC treatment were retrospectively evaluated in refractory UC patients with and without previous TNF-α inhibitor therapy using the Mayo score and endoscopic assessment to assess disease activity.
Patients and methods
Patients. Between August 2009 and March 2018, 58 patients with UC resistant to or untreatable with conventional therapy were administered oral TAC at Nagoya City University Hospital after informed consent was obtained. This study was approved by the Institutional Review Board (IRB) at Nagoya City University Hospital and was conducted in accordance with the guidelines of the International Conference on Harmonization and ethical principles originating in the Declaration of Helsinki. Of 58 patients with UC, 56 had received more than 1 month of TAC therapy, while TAC therapy was stopped after less than 2 weeks in two patients. Before the start of TAC treatment, bacterial infectious enteritis was ruled out by stool cultures. 1, 8, 18 Clostridium difficile infection was ruled out by C. difficile toxin testing and stool cultures. 1, 8, 18 Cytomegalovirus infection was ruled out by pathological analysis of lesions. 1, 8, 18 The extent of colonic involvement was determined by total colonoscopy. 1, 8 Symptoms and endoscopic assessment. Disease activity before and after oral TAC therapy was assessed using the Mayo score (also known as the disease activity index [DAI] ) and the endoscopic activity index (EAI). 1, 8, 19, 20 Endoscopy was conducted within 1 week before oral TAC administration, and a second endoscopy was performed to evaluate mucosal healing 12 weeks after the patient was started on oral TAC. 8 The Mayo score was evaluated at weeks 0 and 12 after the administration of oral TAC. 8 The efficacy end-points analyzed included response per full Mayo score (decrease of ≥3 points and ≥30% from baseline plus a decrease in the rectal bleeding subscore [RBS] ≥1 or an absolute RBS of ≤1), remission (full Mayo score ≤ 2 with no individual subscore >1), and mucosal healing (endoscopy subscore ≤1) at week 12 according to the previous report. 18 Treatment. TAC was administered in its oral formulation. 5, 8, 9, 21 According to Japanese protocol, the dosage was adjusted to produce TAC whole-blood trough levels of 10-15 ng/mL to induce remission. After inducing clinical remission, TAC whole-blood trough concentrations were maintained at a lower level, between 5 and 10 ng/mL. 5, 8, 9, 21 TAC is not currently approved in Japan for maintenance therapy; therefore, TAC administration was stopped 3 months after the patient was started on oral TAC. 8, 9 Long-term outcome. One year or more after TAC therapy, the latest maintenance therapies and colectomy were evaluated in this series of UC patients who received more than 1 month of TAC therapy.
Statistical analyses. For the statistical analyses before and after TAC administration, Wilcoxon's t-test was used to establish the significance of differences in the Mayo and EAI scores in the UC cases with and without previous TNF-α inhibitor therapy. 8 Fisher's exact test and Welch's t test were used to establish the significance of differences in the baseline characteristics of the UC cases with and without previous TNF-α inhibitor therapy. Colectomy-free curves were drawn using the Kaplan-Meier method, and statistical comparison between the UC cases with and without previous TNF-α inhibitor therapy was performed using the log-rank test. P-values < 0.05 were considered significant.
Results
Patients' characteristics. Of 58 patients with UC, 56 had received more than 1 month of TAC therapy, while the TAC therapy was stopped after less than 2 weeks in two patients because of adverse events (nausea and liver function disorder). The baseline characteristics of the 56 patients receiving more than 1 month of TAC therapy are shown in Table 1 . The male/ female ratio was 34/22, and the median ages at diagnosis and at start of therapy were 41.8 (range 17-85) and 46.9 (range 19-88) years, respectively. Median disease duration was 61 (range 1-312) months. Of the 56 patients, 40 had extensive disease type, and the other 16 patients had left-sided disease. Regarding previous response to CS, 12 of the 56 patients (21.4%) were refractory to CS, and 44 (78.6%) were dependent on CS. As concomitant medications, 52 patients received prednisolone, 51 received 5-aminosalicylates, 8 received immunosuppressants (AZA), and 16 received granulocyte and monocyte adsorptive (GMA) therapies (Table 1) . Doses of TAC were adjusted to achieve serum trough levels of 10-15 ng/mL for 2 weeks, followed by tapered serum trough levels of 5-10 ng/mL.
In the TAC group without previous anti-TNF therapy, the male/female ratio was 25/20, and the median ages at diagnosis and at start of therapy were 43.0 (range 17-85) and 48.6 (range 19-88) years, respectively. Median disease duration was 67 (range 1-312) months. Of the 45 patients, 30 had extensive disease type, and the other 15 patients had left-sided disease. Regarding previous CS, 8 (17.8%) patients were refractory to CS, and 37 (82.2%) were dependent on CS. As concomitant medications, 43 patients received prednisolone, 40 received 5-aminosalicylates, 6 received immunosuppressants, and 13 received GMA therapies (Table 1) .
In the TAC group with previous anti-TNF therapy, the male/female ratio was 9/2, and the median ages at diagnosis and at start of therapy were 35.7 (range 21-71) and 38.1 (range 21-71) years, respectively. Median disease duration was 29 (range 1-84) months. Of the 11 patients, 10 had extensive disease type, and 1 had left-sided disease. Regarding previous CS, four (36.4%) patients were refractory to CS, and seven (63.6%) were dependent on CS. As concomitant medications, 9 patients received prednisolone, 11 received 5-aminosalicylates, 2 received immunosuppressants, and 3 received GMA therapies (Table 1) .
There was the significant difference of disease duration between the groups with and without previous anti-TNF therapy (Table 1) .
Mayo scores and EAI scores before and after 12 weeks of TAC therapy. Of the 58 patients with UC treated with TAC, 42 received 3 months of TAC therapy, and endoscopic assessment could be performed at week 12 after the start of TAC therapy. However, TAC therapy was stopped because of disease worsening in 14 cases without the endoscopic assessment at week 12 and was stopped in 2 cases experiencing adverse events. Of the 42 patients who underwent endoscopic assessment at week 12, 33 received TAC therapy without previous TNF-α inhibitor therapy, and 9 received TAC therapy after TNF-α inhibitor therapy.
In the TAC group without previous TNF-α inhibitor therapy (n = 33), the mean Mayo score significantly decreased from 9.0 AE 0.4 (average AE SE) at the start of TAC therapy to 3.3 AE 0.6 at week 12 (P = 0.0000044; Fig. 1a ). Response and remission rates were 73 and 45%, respectively. In the TAC group with previous TNF-α inhibitor therapy (n = 9), the mean Mayo score decreased from 8.6 AE 0.7 at the start of TAC therapy to 2.7 AE 1.0 at week 12 (P = 0.012; Fig. 1b ). Response and remission rates were 60 and 47%, respectively.
In the TAC group without previous TNF-α inhibitor therapy (n = 33), the mean EAI score decreased significantly from 2.5 AE 0.1 (average AE SE) at the start of TAC therapy to 1.1 AE 0.2 at week 12 (P = 0.0000098, Fig. 2a) . The mucosal healing rate was 64%, and the rate of endoscopy subscore 0 was 27%. In the TAC group with previous TNF-α inhibitor therapy (n = 9), the mean EAI score also decreased significantly from 3.0 AE 0.0 at the start of TAC therapy to 0.9 AE 0.4 at week 12 (P=0.012, Fig. 2b ). The mucosal healing rate was 53%, and the rate of endoscopy subscore 0 was 26%.
There were no statistical differences in response, remission, mucosal healing, and endoscopy subscore 0 between the groups with and without previous anti-TNF therapy.
Maintenance therapy or colectomy after TAC therapy. The latest statuses of the TAC group without previous TNF-α inhibitor therapy (n = 46) and the TAC group with previous TNF-α inhibitor therapy (n = 12) are summarized in Figures 3 and 4 , respectively. In the TAC group without previous TNF-α inhibitor therapy, seven patients (15.6%) required colectomy. The remaining 38 patients were treated basically with oral 5-aminosalicylic acid (5-ASA) if they had no adverse events to 5-ASA. Of the 38 cases, 10 (22.2%), 15 (33.3%), 5 (11.1%), 1 (2.2%), and 7 (15.6%) patients were treated with the combination of TNF-α inhibitor and AZA, TNF-α inhibitor, AZA, continuing TAC, and other therapy, respectively. Regarding other therapy, three entered clinical trials, three had only 5-ASA therapy, and one had combination 5-ASA and CS (Fig. 3) . In the TAC group with previous TNF-α inhibitor therapy, five patients (45.5%) required colectomy. The remaining six patients were basically treated with oral 5-ASA. Of the six cases, one (9.0%), four (36.4), and one (9.0%) patients were treated with TNF-α inhibitor, AZA, and only oral 5-ASA therapy, respectively (Fig. 4) .
In the TAC group without previous TNF-α inhibitor therapy (n = 46), 44 cases (95.6%) received oral CS before TAC therapy. One year or more after TAC therapy, 36 cases (78.2%) were steroid-free, while the remaining 8 (17.4%) were exposed to CS. Of the eight cases, three (6.5%), three (6.5%), and two (4.3%) cases were treated with combination TNF-α inhibitor and AZA, TNF-α inhibitor, and other therapy (clinical trials and combination 5-ASA and CS), respectively. In the TAC group with previous TNF-α inhibitor therapy (n = 12), 10 cases (83.3%) received oral CS before TAC therapy. One year or more after TAC therapy, all cases were steroid-free. The colectomy rates were 15.6% (7/45) in the TAC group without previous TNF-α inhibitor therapy and 45.5% (5/11) in the TAC group with previous TNF-α inhibitor therapy.
Colectomy-free rate after TAC therapy. The median follow-up period of the 56 patients with more than 1 month of TAC therapy (TAC group without previous TNF-α inhibitor therapy, n = 45; TAC group with previous TNF-α inhibitor therapy: n = 11) was 49 (range 1-108) months. On Kaplan-Meier analysis, the overall cumulative colectomy-free rate was 74.9% at 108 months. The cumulative colectomy-free rates were 80.9% at 108 (range 1-108) months in the TAC group without previous TNF-α inhibitor therapy and 42.4% at 84 (range 1-84) months in the TAC group with previous TNF-α inhibitor therapy (log-rank: P = 0.02, Fig. 5 ).
Discussion
The present study results provide clear evidence that the group without previous TNF-α inhibitor treatment had a better colectomy-free rate than the group with previous TNF-α inhibitor treatment after remission induction therapy with TAC in refractory UC patients (Fig. 5) . Regarding colectomy after TAC therapy in refractory UC patients, 12 (24.0%) refractory UC patients without previous TNF-α inhibitor therapy underwent colectomy at week 52. 12 The cumulative colectomy-free survival was 77.3% at 118 (range 2-118) months in refractory UC patients without previous TNF-α inhibitor therapy. 11 The cumulative colectomy rates at 1, 6, and 12 months after treatment initiation were 24.5, 28.2, and 37.8% in the TAC group of refractory UC patients without previous TNF-α inhibitor therapies.
14 In refractory UC cases including both with and without previous TNF-α inhibitor therapies, the colectomy-free survival rates at 6, 12, and 18 months were 96, 92, and 82%, respectively. 13 To the best of our knowledge, this report appears to be the first involving refractory UC cases to compare colectomy-free survival after TAC therapy between patients with and without previous TNF-α inhibitor therapy.
It is well known that TAC appears to be effective for remission induction treatment of moderate/severe UC patients, being equivalent to the remission induction efficacy of IFX. 11, 12, 14, 15 However, maintenance treatment after remission induction with TAC therapy is an issue for the future as the treatment duration of oral TAC administration approved in Japan is up to 3 months, suggesting that maintenance treatment with IFX shows better long-term outcomes than TAC-thiopurine bridging treatment in refractory UC patients. 13 In fact, there is little evidence regarding long-term outcomes and maintenance treatment after TAC remission induction therapy in refractory active UC patients with or without previous TNF-α inhibitor therapies. Regarding the long-term outcomes after TAC therapy in the group without previous TNF-α inhibitor therapies, of 50 moderate-to-severe active UC patients, 35 (70.0%) and 7 (14.0%) patients had AZA and IFX, respectively, as maintenance therapy, while 12 (24.0%) underwent colectomy. 12 Of 29 refractory UC patients, 17 (58.6%) and 6 (20.7%) patients had AZA and TNF-α inhibitor therapies, respectively, as maintenance therapy, while 11 (37.9%) underwent colectomy.
14 Of 22 severe UC patients, 11 (50.0%) and 6 (27.3%) had continuing TAC and IFX, respectively, as maintenance therapy, while 5 (22.7%) underwent colectomy. 11 In the present study, of 45 refractory UC patients without previous TNF-α inhibitor treatment, 10 (22.2%), 15 (33.3%), 5 (11.1%), 1 (2.2%), and 7 (15.6%) had TNF-α inhibitor + AZA, TNF-α inhibitor, AZA, continuing TAC, and other therapies, respectively, as maintenance therapy, while 7 (15.6%) underwent colectomy (Fig. 3) . At least half (25/45, 55.6%) of the patients without a previous TNF-α inhibitor received it after TAC therapy, suggesting the efficacy of TNF-α inhibitor as maintenance therapy. We consider that TNF-α inhibitor is one of the important optional treatments of remission maintenance after the induction of remission with TAC in the UC patients without previous TNF-α inhibitor therapy. Regarding the long-term outcomes after TAC therapy in the group with previous TNF-α inhibitor therapies, of 50 moderate-to-severe active UC patients, 3 (6.0%) with TNF-α inhibitor treatment failure had oral TAC. 12 Of these three cases treated with TAC after TNF-α inhibitor treatment failure, one and two had AZA maintenance therapy and colectomy as surgical resection, respectively. 12 Of seven severe UC patients treated with IFX, three (42.9%) with IFX treatment failure had oral TAC; all three had continuing TAC, with clinical remission. 11 None of the cases of TNF-α inhibitor treatment failure had oral TAC therapy. 14 In the present study, of 11 refractory UC patients with previous TNF-α inhibitor treatment, 1 (9.0%), 4 (36.4), and 1 (9.0%) had TNF-α inhibitor, AZA, and only oral 5-ASA, respectively, as maintenance therapy, while 5 (45.5%) underwent colectomy (Fig. 4) . Regarding other biological therapies in refractory UC patients treated with TAC, there have been two reports of the combination of TAC and vedolizumab, 22, 23 although vedolizumab has only recently been approved for UC in July, 2018 in Japan. Further large-scale studies may also be needed to evaluate the long-term outcomes and maintenance medication after TAC remission induction therapy in refractory active UC patients with and without previous TNF-α inhibitor therapy.
The results of the present study provide clear evidence that TAC treatment is effective for remission induction in refractory active UC patients with or without previous TNF-α inhibitor therapy. Regarding TAC therapy in refractory active UC without previous TNF-α inhibitor therapies, mucosal healing was achieved in 78.9% (15/19) of patients in the high trough concentration (10-15 ng/mL) group, compared with 12.5% (2/16) in the placebo group, at week 2. 1 The clinical remission rate at 12 weeks was 55% in the TAC group of steroid-refractory active UC patients. 14 The clinical remission rate at 14 weeks after treatment was 50% (32/64) in the TAC group in patients with moderate to severe UC. 15 The mean DAI score decreased significantly during the 12-week treatment in the TAC group (P < 0.0001). 12 Regarding TAC therapy in the group including refractory active UC patients both with and without previous TNF-α inhibitor therapy, it was previously shown that both mean DAI and EAI scores were significantly reduced in 26 UC patients receiving more than 1 month of TAC therapy at week 12 after starting oral TAC (P < 0.0001). 8 The clinical remission rate at 2 months was 55.3% in the TAC group, including 10.6% with previous IFX treatment, in steroid-refractory UC patients. 13 However, there is little evidence for TAC remission induction therapy in refractory active UC patients with previous TNF-α inhibitor therapy. In the present study, the mean DAI and EAI scores decreased significantly during the 12-week treatment after administration of oral TAC in refractory UC patients with previous TNF-α inhibitor therapy, showing greater decreases in the mean DAI and EAI scores at week 12 after TAC therapy in the group without previous TNF-α inhibitor therapy than in the group with previous TNF-α inhibitor therapy. We consider TAC treatment effective for remission induction therapy in refractory UC patients, especially in cases without previous TNF-α inhibitor therapy.
It is very important to analyze the relevant factors for possible long-term maintenance after TAC therapy for patients who previously received anti-TNF-α agents. We analyzed the factors of the likelihood, including gender, age at diagnosis, age at start of the therapy, disease duration, extent of disease, response to CS, and concomitant medication, but we could not find the candidate factors. Further studies may be needed to evaluate the relevant factors for possible long-term maintenance after TAC therapy in refractory UC patients with previous TNF-α inhibitor therapy.
In conclusion, TAC is effective for remission induction in refractory UC patients with and without previous TNF-α inhibitor treatment. Maintenance medication after TAC therapy is an issue for the future, especially in UC cases with previous TNF-α inhibitor treatment failure.
